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© Compensation arrangement for display systems, 



@ A compensation arrangement for a display sys- 
tem that adaptfvely compensates the display param- 
eters thereof for each pixel position to provide a 
precise display image that automatically adapts to 
the scan rate and aspect ratio of its sweep circuit. 
The sweep signals are sensed directly to define the 
actual instantaneous scan position. The sweep posi- 
tion is used to generate a compensation parameter 



for compensating the display signals. In a preferred 
embodiment, a lookup table is used to store com- 
pensation parameters, a compensation parameter is 
accessed from the table in response to the sweep 
signals, and the accessed compensation parameter 
is used to compensate the display signals. 



3 

00 
CM 

CO 



dm 



J04 



SYNC 
PULSE 
GEN. 



r \\0 



Fig. 1. 



100 ^ 



H0R1Z. 
5IEEP 
CEN. 



.114 



VERTICAL 
SWEEP 
CEN 



116' 



All 



INTENSITY 
CONTROL 



HQRIZ. 
DEFLECT. 



VERTICAL 
DEFLECT. 



.120 



ELECTRON 
GUN 



CRT- 



COMPENSATION 
CIRCUIT 



COMPENSATION 
CIRCUIT 



-103 



-103 



Xerox Copy Centre 



1 



EP 0 416 289 A2 



2 



COMPENSATION ARRANGEMENT FOR DISPLAY SYSTEMS 



BACKGROUND 



The present invention relates generally to dis- 
play systems, and more particularly to aberration 
correction for cathode ray tube (CRT) images. 

Geometric distortion, defocusing, astigmatism 
and brightness disparity are commonly found on 
images formed on CRT displays. In many cases, 
such aberrations are tolerated by the viewer in 
small amounts. In the case of high resolution 
graphic and projection displays, however, such ab- 
errations detract noticeably from the quality of the 
image and its usefulness to the viewer. Aberrations 
are especially noticeable in the case of quasi-static 
displays,, such as those encountered in connection 
with military charts and maps in command and 
control applications. 

Methods to correct aberrations provide dynam- 
ic modulation of the appropriate CRT electrodes or 
deflection means by correction signals generated 
front a pre-stored set of digital values, and by 
correction signals derived by analog methods 
based on CRT deflection signals. Both of these 
methods have limitations that make them less than 
fully effective. The digital method has the advan- 
tage of being able to cope with nonlinear char- 
acteristics, but fails to connect correction data and 
CRT image position with certainty, especially when 
various line rates and aspect ratios must be ac- 
cepted by the display equipment. The analog 
method fails to cope with the nonlinear characteris- 
tics common to production model CRTs. 

Compensation devices for display monitors and 
particularly for CRTs are well known in the art. In 
the case of conventional analog compensation cir- 
cuits, electrical signals representative of CRT de- 
flection signals are provided to analog sig nal pro- 
cessing circuits to generate related correction sig- 
nal waveforms. The operator adjusts potentials and 
components of the analog circuits to achieve a 
suitable correction. The analog correction method 
is commonly used for focus and astigmatism cor- 
rection. However, such analog techniques cannot 
accommodate pixel by pixel compensation as is 
required in many types of modem CRT based 
systems. 

Conventional compensation devices, such as 
brightness compensation devices, are often imple- 
mented with operator controls and some, such as 
convergence compensation devices may be imple- 
mented with internal maintenance controls. How- 
ever, no conventional compensation device has 
been built that automatically compensates for scan 
rate and aspect ratio changes without modifying 



the equipment. 

Accordingly, it would be desirable to have a 
circuit for a CRT monitor that adaptively corrects 
for convergence, focus, linearity, distortion, astig- 

5 matism, brightness variations and which adapts to 
changes in aspect ratio and scanning rate. It would 
also be advantageous to have a system that pro- 
vides a link between correction data address and 
image element position that is Independent of im- 

w age aspect ratios and scanning rates to facilitate 
instantaneous automatic correction for display 
equipment operating in an environment of differing 
scanning standards and aspect ratios. 

15 

SUMMARY OF THE INVENTION 

Accordingly, the present invention provides a 
20 link between correction data address and image 
element position that is independent of image as- 
pect ratios and scanning rates. This therefore pro- 
vides for instantaneous automatic correction of dis- 
play equipment operating in an environment of 
25 differing scanning standards and aspect ratios. The 
invention provides for apparatus that overcomes 
deficiencies in CRT display linearity, geometric dis- 
tortion, defocusing, astigmatism and brightness uni- 
formity by using the analog deflection signals of 
30 the CRT to address a digital correction data stor- 
age memory to retrieve signals that overcome non- 
linear and linear aberrations. The present invention 
thus provides a compensation arrangement that 
adaptively compensates for the aberrations asso- 
35 ciated with the display system. 

In one embodiment, sweep signals are sensed 
directly to define the actual instantaneous scan 
position. The sweep position is used to generate a 
compensation parameter for compensation of the 
40 display signals. Alternatively, a lookup table is used 
to store compensation parameters, a compensation 
parameter is accessed from the table in response 
to the sweep signals, and the accessed compensa- 
tion parameter is used to compensate the display 
45 monitor. Because the scan signals control the posi- 
tion of the electron beam on the display media, 
locking of the compensation parame ters to the 
scan signals in accordance with the present inven- 
tion also locks the compensation parameters to the 
so position of the electron beam on the display media. 
With the compensation parameters locked to fixed 
positions on the display media, improved stability 
and improved flexibility are obtained. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



The various features and advantages of the 
present invention may be more readily understood 
with reference to the following detailed description 
taken in conjunction with the accompanying draw- 
ings, wherein like reference numerals designate 
like structural elements, and In which: 

Fig. 1 Is a block diagram representation of a 
display system in accordance with the principles 
of the present invention; 

Fig. 2 is a detailed diagram of a compensation 
circuit of Fig. 1 ; and 

Fig. 3 is a detailed diagram of an interpolation 
implementation of the compensation circuit of 
Fig. 1. 



— DETAILED DESCRIPTION 



Fig. 1 is a block diagram of a display system 
100 having compensation circuits 102 in accor- 
dance with the principles of the present invention. 
The CRT display system 100 is shown imple- 
mented with a sync pulse generator 104 that gen- 
erates a horizontal sync pulse signal 106 to syn- 
chronize a horizontal sweep generator 108, and a 
vertical sync pulse signal 110 to synchronize a 
vertical sweep generator 112. The horizontal sweep 
generator 108 generates a horizontal sweep signal 
114 in the form of a ramp having a horizontal 
frequency. 15,750 Hz for a conventional raster 
scanned display configuration, in synchronism with 
the horizontal sync pulse 106. The vertical sweep 
generator 112 generates a vertical sweep signal 
116 in the form of a ramp having a vertical fre- 
quency, 60 Hz for a conventional raster scanned 
display configuration, in synchronism with the verti- 
cal sync pulse 110. The horizontal sweep signal 
114 is applied to the horizontal deflection circuitry 
118 of a CRT which may have a set of plates in an 
electrostatic deflection configuration and horizontal 
deflection coils in a magnetic deflection configura- 
tion. The vertical sweep signal 116 is applied to the 
vertical deflection circuitry 120 of the CRT in an 
electrostatic deflection configuration and to vertical 
deflection coils in a magnetic deflection configura- 
tion. An electron gun 124 is arranged to generate 
an electron beam under control of an intensity 
control circuit 122. 

A compensation circuit 102 in accordance with 
the principles of the present invention is preferably 
connected to process the horizontal and vertical 
sweep signals 114,116 to control a compensation 
signal 103 in response thereto. The sweep signals 
114,116 cause the electron beam of the CRT to be 
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swept across the screen. The horizontal sweep 
signal 114 more rapidly sweeps the electron beam 
in the horizontal direction and the vertical sweep 
signal 116 more slowly sweeps the electron beam 

5 in the vertical direction. Hence, the horizontal 
sweep signal 114 may be considered to be the 
least significant part of the screen position and the 
vertical sweep signal 116 may be considered to be 
the most significant part of the screen position. The 

10 combination of the value of the horizontal sweep 
signal 114 and the value of the vertical sweep 
signal 116 defines the two dimensional (horizontal 
and vertical) position on the screen to which the 
electron beam is deflected. Hence, generation of 

75 the compensation signals 103 under control of the 
horizontal sweep signal 114 and vertical sweep 
signal 116 causes the compensation signals 103 to 
be generated in relation to the actual position on 
the screen. The compensation signals 103 can be 

20 "applied~td - the~hori geneiF 
ators 108,112 to compensate the sweep, can be 
applied to the intensity control 122 to compensate 
the brightness, and can be applied to other com- 
pensation circuits or devices to compensate for 

25 other display parameters as mentioned above. 

Fig. 2 is a detailed diagram of one compensa- 
tion circuit 102 in accordance with the present 
invention. A pair of analog to digital converters 
(ADCs) are implemented to convert the analog 

30 sweep signals 114,116 to digital numbers. A hori- 
zontal ADC 210 is connected to convert the hori- 
zontal sweep signal 114 to a digital number 214 
and a vertical ADC 212 is connected to convert a 
vertical sweep signal 116 to a digital number 216. 

35 ADCs can be implemented with various types of 
ADCs, such as successive approximation ADCs, 
tracking ADCs, and flash or propagation ADCs. In a 
high performance configuration, the ADCs 210 and 
212 are preferably implemented with flash ADCs 

40 because of the greater performance of flash ADCs. 

The digital numbers 214,216 can be combined, 
such as by concatenation, to form a single address 
parameter 215 for addressing a compensation 
memory 222. One address register configuration 

45 combines the horizontal sweep signal 214, having a 

least significant bit (LSB) 232 and a most signifi- 
cant bit (MSB) 234, as the least significant part of 
the address signal and with the vertical sweep 
signal 216, having a LSB 236 and a MSB 238, as 

50 the most significant part of the address signal. In 
an address register configuration, the address reg- 
ister 218 is inserted between the ADCs 210,212 
and the compensation memory 222 to latch the 
address parameter 215 as a latched address pa- 
ss rameter 220. In a non-address register configura- 
tion, the address register 218 can be removed from 
between the ADCs 210,212 and the compensation 
memory 222 so that the address parameter 215 is 
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not latched. The address parameter 220 can be 
implemented to access the memory 222 In a con- 
ventional manner to generate the output compensa- 
tion parameter 224 in response to the memory 
address parameter 220. 

The compensation memory 222 can be imple- 
mented to store compensation parameters. The 
size of the memory 222 can be adapted by those 
skilled in the art to have the required number of 
parameters per memory and the required number 
of bits per parameter. For example, memory chips 
can be expanded in the bit direction to implement 
the required number of bits per compensation pa- 
rameter and memory chips can be expanded in the 
word direction to implement the required number of 
words or parameters per memory. The compensa- 
tion memory 222 can be implemented with various 
types of memory circuits, such as electrically al- 
terable and volatile SRAMs or DRAMs, electrically 
alterable and nonvolatile PROMs, EPROMs, or 
EEPROMs; non-electrically alterable and non- 
volatile ROMs, or other memory types. 

In an output register configuration, an output 
register 226 is inserted between the compensation 
memory 222 and a digital to analog converter 
(DAC) 230 to latch compensation parameter 224 as 
latched compensation parameter 228. In a non- 
output register configuration, output register 226 
can be removed from between the compensation 
memory 222 and the DAC 230 so that the output 
parameter 228 is not latched. The compensation 
parameter 228 can be implemented to excite the 
DAC 230 in a conventional manner to generate the 
analog compensation signal 103 in response to 
digital compensation parameter 228. The analog 
compensation signal 103 can be used to control a 
compensation device or circuit in the display moni- 
tor. 

A clock signal can be provided to synchronize 
operations. In a pixel clock configuration, a clock 
signal generator 242 can be implemented to gen- 
erate a clock signal 240 using a phase locked loop, 
which is well known in the art, to phase lock the 
clock signal 240 to the scan signal. For example, 
the clock signal 240 can be phase locked to the 
pixel steps of the LSB 232 of the sweep signals 
215. This clock signal 240 can be a single phase 
clock signal or a multiple phase clock signal and 
can be counted down and decoded to generate 
various control signals. However, for simplicity of 
discussion, the clock signal 240 is discussed as a 
single phase clock signal generating a single clock 
pulse for each change in the LSB 232 of the 
memory address 215. The clock signal 240 is 
shown clocking the compensation parameter 224 
previously accessed from the compensation mem- 
ory 222 into the output register 226, simultaneously 
clocking a new address 215 into the address regis- 



ter 218 to access the next compensation parameter 
224 from the compensation memory 222, and si- 
multaneously clocking the ADCs 210,212 to initiate 
another conversion. Alternatively, the ADCs 

s 210,212 may be implemented to operate asyn- 
chronously and hence may not need an external 
clock signal. Other devices can be clocked as 
required. For example, for a configuration where 
DRAMs are used to implement the compensation 

io memory 222, a DRAM controller circuit can be 
used to generate RAS, CAS, refresh, and other 
signals used for DRAM operations. DRAM control- 
lers for generating such signals are well known in 
the art. 

75 ADC resolution can be related to display moni- 

tor resolution. In a configuration having a direct 
mapping of each compensation parameter stored in 
the compensation memory 222 into each pixel in 
the frame, the number of bits in the address words 

20 215,220 and the number of compensation param- 
eters stored in the compensation memory 222 is a 
relatively large number. For example, a low resolu- 
tion display monitor may have 65,536 pixels, 256 
pixels per line by 256 lines per frame, relating to 

25 two 8-bit ADCs. Alternately, a medium resolution 
display monitor may have 262,144 pixels, 512 pix- 
els per line by 512 lines per frame, relating to two 
9-bit ADCs. Alternately, a high resolution display 
monitor may have 1.048,576 pixels, 1024 pixels per 

30 line by 1024 lines per frame, relating to two 10- bit 
ADCs. 

The compensation arrangement discussed with 
reference to Fig. 2 can be reduced in cost and 
complexity and can be improved in utility by im- 
35 plementing compensation interpolation. Fig. 3 is an 
alternate detailed diagram of a compensation cir- 
cuit 102 having compensation interpolation in ac- 
cordance with the present invention. Conditions to 
be compensated conventionally vary in a relatively 
40 smoothly form across a CRT screen, such as 
across a scan line and between adjacent scan 
lines. Hence, in many applications it may be ac- 
ceptable to store compensation parameters for a 
limited subset of spaced apart calibrated pixels and 
45 then to interpolate between the calibrated pixels in 
order to derive the compensation parameters for 
the in between uncalibrated pixels. For example, in 
a medium resolution (512 pixels per line by 512 
lines per frame) monitor configuration, the corn- 
so pensation memory 222 may be implemented to 
store a compensation parameter for each 32nd 
pixel, involving a total of 256 compensation param- 
eters (16 by 16 compensation parameters) per 
monitor. This can reduce the memory requirement 
55 and the related efforts required to generate the 
compensation parameters from 262,144 compensa- 
tion parameters in the Fig. 2 type configuration to 
256 compensation parameters in this Fig. 3 con- 
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figuration, and this can can reduce the ADC resolu- 
tion requirement from 9-bits per ADC in the Fig. 2 
type configuration to 4-bits in this Fig. 3 configura- 
tion. Similarly, in a high resolution (1Q24 pixels per 
line by 1024 lines per frame) monitor configuration, 
the compensation memory 222 may be implement- 
ed to store a compensation parameter for each 
16th pixel, yielding a total of 4096 compensation 
parameters (64 by 64 compensation parameters) 
per monitor. This can reduce the memory require- 
ment from 1.048,576 compensation parameters to 
4096, and this can can reduce the ADC resolution 
requirement from 10-bits per ADC to 6-bits. 

Interpolated compensation parameters can be 
stored in various forms, such as in the form of 
compensation parameters for the spaced apart cali- 
brated pixels, in the form of the change in the 
compensation parameters for the spaced apart cali- 
brated pixels, or in other forms. The configuration 
where the interpolated compensation parameters 
are stored in the form of the change in the com- 
pensation parameter for each pixel will be dis- 
cussed as illustrative of the other alternative con- 
figurations. 

As discussed with reference to Fig. 2 above 
and as shown in Fig. 3, a pair of ADCs 210 and 
212 can be implemented to convert the anaJog 
sweep signals to the digital numbers 214,216, the 
digital numbers 214,216 can be combined to form 
a single address parameter 215 for addressing the 
compensation memory 222, with or without the 
address register 218, the compensation memory 
can be used to generate the output compensation 
parameter 224 in response to the memory address 
220, the compensation number 228 can be imple- 
mented to excite the DAC 230 to generate the 
analog compensation signal 1 03 in response to the 
digital compensation parameter 228, and the ana- 
log compensation signal 103 can be used to con- 
trol a compensation device or circuit in a display 
monitor. 

The compensation memory 222 can be imple- 
mented to store compensation parameter changes, 
instead of the absolute value of the parameters, for 
interpolation. Various configurations can be imple- 
mented, as. discussed below. To facilitate examples 
of interpolation, a notation of C(P, R) will be used; 
where the "C" symbol is used to designate the 
array of compensation parameters, the W P" symbol 
is used to designate the number of the column of 
the compensation parameter, which is in the hori- 
zontal direction, and the "FT symbol is used to 
designate the number of the row of the compensa- 
tion parameter, which is in the vertical direction. 
Hence, C(0, 0) represents the horizontal compensa- 
tion parameter (X) and the vertical compensation 
parameter (Y) for the first pixel of the first row and 
C(32, 64) represents the compensation parameter 
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for the 32nd pixel of the 64th row. 

An interpolation configuration having interpola- 
tion that covers a group of 32 pixels along a line 
will now be discussed. Other configurations having 

5 8, 16, 75, or other sized groups of pixels can also 
be implemented. Also, it will be assumed that com- 
pensation change parameters are in twos com- 
plement negative number notation so that positive 
and negative compensation parameters can be im- 

w plemented to compensate for positive and negative 
deviations from a reference value. Also, it will be 
assumed that the reference value is the first pixel 
in the frame, which has an implied zero compensa- 
tion value, and that the accumulator register 310 is 

is cleared at the beginning of the frame. This refer- 
ence compensation parameter may be considered 
to be the perfect intensity value in an intensity 
compensation circuit, or the perfect focus value in 
a focus compensation circuit, or zero distortion 

20 value in a distortion compensa 

perfect convergence value in a convergence com- 
pensation circuit, or zero astigmatism value in an 
astigmatism compensation circuit. Hence, the refer- 
ence compensation parameter will be assumed to 

25 have a value of 0000io. In a configuration having 
32 pixels per group, the first compensation param- 
eter C(0, 0) will be used for interpolation of the first 
group of 32 pixels in the horizontal direction along 
the first line (line-0), the second compensation pa- 

30 rameter C(32, 0) will be used for interpolation of 
the second group of 32 pixels in the horizontal 
direction along the first line (line-0), the seven- 
teenth compensation parameter G(0, 32) will be 
used for interpolation of the first group of 32 pixels 

35 in the horizontal direction along the second line 
{line-1 ), and so forth. 

The creating of the compensation change pa- 
rameters and the processing of the compensation 
change parameters will now be discussed for this 

40 32 pixel group configuration to illustrate interpola- 
tion operation. The first change compensation pa- 
rameter can be derived by taking the difference 
between the reference value and the first com- 
pensation value and dividing by the number of 

45 pixels In the group. Hence, for each of the 32 
pixels in the first group, the zero value of the 
reference position is successively incremented by 
the first compensation change parameter (1/32 of 
the first compensation change value) on a pixel by 

50 pixel until the full compensation value is accu- 
mulated for the last pixel position in the group. The 
second compensation change parameter stored in 
the compensation memory 222 is derived by taking 
the difference between the first compensation value 

55 calibrating the 32nd pixel and the second com- 
pensation value calibrating the 64th pixel and divid- 
ing this difference by the number of pixels in the 
group. Hence, for each of the second group of 32 
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pixels, the previously accumulated value of the first 
compensation parameter is successively incre- 
mented by the second compensation change pa- 
rameter on a pixel by pixel basis until the full 
compensation value is accumulated at the 64th 
pixel. This operation proceeds from pixel group to 
pixel group in each line and then retraces to the 
start of the next line for the next pixel group until 
the full field has been displayed. 

By way of example, interpolation will now be 
discussed with reference to Fig. 3 for the interpola- 
tion configuration discussed above. At the start of 
the frame, the interpolation registers 310 and 226 
are cleared by the frame sync pulse FS* to the 
clear input terminals CR. Then, at the start of the 
processing of each group of pixels, the next suc- 
cessive compensation change parameter is acces- 
sed from the compensation memory 222 and load- 
ed into the output register 226. Then, for the dura- 
tion of the processing of each group of pixels, the 
compensation change parameter stored in the out- 
put register 226 is added to the accumulated com- 
pensated parameter stored in the accumulator reg- 
ister 310 by the adder 314. Hence, the compensa- 
tion parameter stored in the accumulator register 
314 is updated on a pixel by pixel basis within 
each pixel group and is updated on a pixel group 
by pixel group basis until the frame is completed. 

Clock signals can be provided to synchronize 
operations, such as discussed above for the clock 
signal 240. In an interpolation configuration, the 
clock signal 318 provided to the compensation 
circuitry 210,212,218, and 226 may be implement- 
ed to be at the compensation clock rate, which 
may be slower than the pixel clock rate, and the 
clock signal 320 provided to the interpolation cir- 
cuitry 310 may be implemented to be at the pixel 
clock rate. For example, in a configuration having 
32 interpolation operations for each compensation 
operation, the rate of the compensation clock signal 
318 may be 32 times slower than the rate of the 
pixel clock signal 320. Similarly, in a configuration 
having 16 interpolation operations for each com- 
pensation operation, the rate of the compensation 
clock signal 318 may be 16 times slower than the 
rate of the pixel clock 320 signal. 

The compensation circuits 102 can be imple- 
mented singularly or in pluralities of two or more. 
For example, a single compensation circuit can be 
implemented to control intensity, focus, astigma- 
tism, convergence, linearity, distortion, or another 
condition associated with a display system. Al- 
ternately, a plurality of compensation circuits can 
be implemented each to control intensity, focus, 
astigmatism, convergence, linearity, distortion, or 
other conditions associated with a display system 
in combinations thereof. For convenience of discus- 
sion, the compensation circuits 102 are shown self 



contained having dedicated components. However, 
various components can be shared between a plu- 
rality of compensation circuits 102, such as to 
optimize circuitry. For example, the ADCs 210 and 

5 212 and the address register 218 can be shared 
between two or more compensation circuits. Also, 
the clock signal generator 242 can be shared be- 
tween two or more compensation circuits. Also, the 
com pensation memory 222 and the output register 

10 226 can be shared between two or more com- 
pensation circuits. For example, the compensation 
memory 222 can store multiple compensation pa- 
rameters or multiple compensation change param- 
eters in each address location so that multiple 

75 compensation parameters or multiple compensa- 
tion change parameters are accessed for each ad- 
dress 215 generated by the ADCs 210 and 212. 
Further, in an output register configuration, multiple 
compensation parameters or multiple compensa- 

20 tion change parameters that are accessed from a 
shared compensation memory or from multiple 
dedicated compensation memories can be loaded 
into a shared output register 226. Further, multiple 
compensation parameters that are accessed from a 

25 shared compensation memory or from multiple 
dedicated compensation memories and that are 
loaded into a shared output register or multiple 
dedicated output registers can be processed by 
multiple channels of DACs 230 to generate multiple 

30 channels of compensation signals 103 to control 
multiple compensation devices or circuits. Further, 
multiple compensation change parameters that are 
accessed from a shared compensation memory or 
from multiple dedicated compensation memories 

35 and that are loaded into a shared output register or 
multiple dedicated output registers can be pro- 
cessed by multiple channels of DACs 230 to gen- 
erate multiple channels of compensation change 
signals from the output register 226 to invoke mul- 

40 tiple channels of interpolation with multiple chan- 
nels of adders 314 and accumulators 310 to control 
multiple channels of of DACs 230 to control mul- 
tiple compensation devices or circuits. Other com- 
ponents can also be shared to further optimize 

45 circuitry. 

The system of the present invention automati- 
cally adapts to the scan rate and aspect ratio of a 
display monitor to which it is connected. As dis- 
cussed above, this is achieved because the com- 

50 pensation operations are performed in response to 
the actual scan signals. In this configuration, the 
scan signals are converted from analog to digital 
form and are used to access a digital lookup table 
to generate* compensation parameters. Conse- 

55 quently, if the same monitor is utilized but the scan 
signals are changed, such as to implement a dif- 
ferent scan rate or a different aspect ratio, the 
operation of the compensation circuit is automati- 
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cally and adaptively changed consistent therewith 
and the table of compensation parameters should 
not have to be changed. 

It is to be understood that the above-described 
embodiments are illustrative of some of the many 
specific embodiments that represent applications of 
the principles of the present invention. Clearly, 
numerous and varied other arrangements may be 
designed by those skilled in the art without depart- 
ing from the scope of the invention. 



Claims 

1 . A display system comprising: 

a sweep circuit for generating a sweep signal; 
a compensation circuit for generating a compensa- 
tion signal in response to the sweep signal gen- 
erated by said sweep circuit; 
arTelectron guTT'forljWe 

a deflection arrangement for sweeping the electron 
beam generated by said electron gun across a 
display media under control of the sweep signal 
generated by said sweep circuit and for exciting 
the display media under control of the compensa- 
tion signal generated by said compensation circuit; 
and 

a display media for displaying an image in re- 
sponse to the electron beam swept thereacross 
under control of the sweep signal generated by 
said sweep circuit and under control of the com- 
pensation signal generated by said compensation 
circuit. 

2. The system as set forth in claim 1 above, 
wherein said sweep signal generated by said 
sweep circuit is an analog ramp sweep signal and 
wherein said compensation circuit includes 

a) an analog to digital converter for generating a 
digital ramp sweep signal in response to the 
analog ramp sweep signal and 

b) a table lookup circuit for generating the com- 
pensation signal in response to being addressed 
by the digital ramp sweep signal generated by 
said analog to digital converter. 

3. The system as set forth in claim 1 above, 
wherein said compensation circuit is an astigma-__ 
tism compensation circuit for generating the com- 
pensation signal as an astigmatism compensation 
signal in response to the sweep signal generated 
by said sweep circuit; wherein said electron beam 
is astigmatism compensated under control of the 
astigmatism compensation signal generated by 
said astigmatism compensation circuit. 

4. The system as set forth in claim .1 above, 
wherein said compensation circuit is a focus com- 
pensation circuit for generating the compensation 
signal as a focus compensation signal in response 
to the sweep signal generated by said sweep cir- 



cuit; wherein said electron beam is focus com- 
pensated under control of the focus compensation 
signal generated by said focus compensation cir- 
cuit. 

5 5. The system as set forth in claim 1 above, 
wherein said compensation circuit is a convergence 
compensation circuit for generating the compensa- 
tion signal as a convergence compensation signal 
in response to the sweep signal generated by said 

10 sweep circuit; wherein said electron beam is con- 
vergence compensated under control of the con- 
vergence compensation signal generated by said 
convergence compensation circuit 

6. The system as set forth in claim 1 above, 
is wherein said compensation circuit is a brightness 

compensation circuit for generating the compensa- 
tion signal as a brightness compensation signal in 
response to the sweep signal generated by said 
sweep circuit; wherein said electron beam is bright- 
20 nesscompensatedunder control of the~brightness 
compensation signal generated by said brightness 
compensation circuit. 

7. The system as set forth in claim 1 above, 
wherein said compensation circuit is a linearity 

25 compensation circuit for generating the compensa- 
tion signal as a linearity compensation signal in 
response to the sweep signal generated by said 
sweep circuit; wherein said electron beam is linear- 
ity compensated under control of the linearity com- 

30 pensation signal generated by said linearity com- 
pensation circuit 

8. The system as set forth in claim 1 above, 
wherein said compensation circuit is a distortion 
compensation circuit for generating the compensa- 
tes tion signal as a distortion compensation signal in 

response to the sweep signal generated by said 
sweep circuit; wherein said electron beam is distor- 
tion compensated under control of the distortion 
compensation signal generated by said distortion 
40 compensation circuit. 

9. The system as set forth in claim 1 above; 
wherein said said sweep circuit includes a ramp 
generator for generating the sweep signal as a 
ramp sweep signal having a rate of 15,750 ramp 

46 sweeps per second; wherein said compensation 

circuit includes 

a) an analog to digital converter for generating a 
digital ramp signal in response to the ramp 
sweep signal, 

so b) a memory address register for storing a 
memory address in response to the digital ramp 
signal generated by said analog to digital con- 
verter, 

c) a DRAM for storing a plurality of compensa- 
55 tion parameters and for outputting an addressed 
one of the plurality of compensation parameters 
under control of the memory address stored by 
said memory address register, 
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d) an output register for storing the compensa- 
tion parameter output by said dynamic RAM, 

e) an interpolation circuit for generating a plural- 
ity of interpolated compensation parameters in 
response to the compensation parameter stored 5 
by said output register, and 

f) a digital to analog converter for generating the 
compensation signal to said deflection arrange- 
ment in response to the interpolated compensa- 
tion parameters generated by said interpolation io 
circuit; 

wherein said electron gun includes a multicolor 
electron gun for generating the electron beam 
as a multicolor electron beam; wherein said de- 
flection arrangement includes electrostatic de- is 
flection plates for electrostatically sweeping the 
multicolor electron beam generated by said mul- 
ticolor electron gun across the display media 
under control of the sweep signal generated by 
said sweep circuit and for exciting the display 20 
media under control of the compensation signal 
generated by said compensation circuit; and 
wherein said display media is a multicolored 
display media for displaying the image as a 
multicolored image in response to the multicolor 25 
electron beam swept thereacross under control 
of the ramp sweep signal generated by said 
sweep circuit and under control of the com- 
pensation signal generated by said compensa- 
tion circuit. 30 
10. The system as set forth in claim 1 above, 
wherein said compensation circuit includes an in- 
terpolation circuit for 

generating the compensation signal as an interpo- 
lated compensation signal in response to the 35 
sweep signal generated by said sweep circuit. 



40 
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